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We investigate effect of a test magnetic field on the process of destroying near-extremal Kerr black
hole with a charged test particle. It has been shown that it would be possible to throw a charged
test particle into the near extremal rotating black hole and make it go past the extremality i.e. turn
Kerr black hole into the Kerr-Newmann naked singularity. Typically in an astrophysical scenario
black holes are believed to be surrounded by a magnetic field. Magnetic field although small, affects
motion of charged particles drastically due to the large Lorentz force, as the electromagnetic force
is much stronger that the gravity. Thus a test magnetic field can affect the process of destroying
black holes and restore the cosmic censorship in the astrophysical context. We show that a test
magnetic field would act as a cosmic censor beyond a certain threshold value. We try to gauge the
magnitude of the magnetic field by comparing its energy density with that of the change in the
curvature induced by the test particle. We find that the magnetic field required in only as strong
as or slightly stronger as compared to the value for which its effect of the background geometry is
comparable to the tiny backreaction as that of the test particle. In such a case however one has to
take take into account effect of the magnetic field on the background geometry, which is difficult to
implement in the absence of any exact near-extremal rotating magnetized black hole solutions. We
argue that magnetic field would still act as a cosmic censor.
PACS numbers: 04.70.Bw, 04.20.Dw
I. INTRODUCTION
In this paper we study a Gedanken experiment to de-
stroy a black hole with the infalling test particle. The
infalling particle would add to the mass, angular momen-
tum and charge of the black hole and can make it go pass
the extremality, thus turning black hole into the naked
singularity. Such a process was examined by Wald for the
first time, who found that it is impossible to overspin an
extremal Kerr black hole by throwing in a neutral test
particle [1]. If the angular momentum of the infalling
particle is large enough for the purpose of overspining
the black hole, it turns back before it could enter a black
hole. Whereas if the particle enters the black hole it
would not add a sufficient amount of angular momentum
to overspin the black hole.
Recently it was shown by Jacobsan and Sotiriou (JS)
[2] that it would be possible to destroy a black hole with
infalling test particle if we start with a near-extremal
configuration, rather than an extremal black hole as in
the case of Wald‘s analysis. There is a narrow range of
the energy and angular momentum of the infalling parti-
cles for which it would be possible for it to enter a black
hole and also overspin it past the extremality. It was also
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shown that it would be possible to destroy near-extremal
Reissner-Nordstro¨m black holes with charged test par-
ticle [3]. The process of destroying rotating black hole
with the charged test particle was investigated in [4]. In
all these calculations it was assumed that the test par-
ticle follows a geodesic motion and effects of the conser-
vative and dissipative backreaction were ignored. There
are investigations which suggest that the radiation reac-
tion and self-force would act as a cosmic censor [5–7]. It
was also shown that it would be possible to destroy a
regular black hole with the test particles even when the
backreaction effects are taken into account [8].
We approach this issue from a different perspective.
Typically in the astrophysical scenarios black holes are
surrounded with the magnetic field which would affect
the motion of the charged particle and thus influence the
process of destroying black hole. With this motivation in
mind in this paper we investigate whether or not a mag-
netic field could possibly serve as a cosmic censor. For
this purpose we introduce a test magnetic field on the
Kerr spacetime following a procedure that is described
in [9]. The Wald solution is recently extended to a black
hole that is also moving at constant velocity in [10–13].
The magnetic field respects the axial symmetry of the
Kerr spacetime and it takes a constant value asymptoti-
cally at infinity. We show that for large enough value of
the magnetic field it serves as a cosmic censor. We try
to gauge the magnitude of the magnetic field required
by comparing its backreaction on the background geom-
etry as compared to that of a test particle. The trace of
the energy-momentum tensor of the magnetic field is a
2good measure of its backreaction on the background Kerr
spacetime. We compute square root of the difference in
the Kretschmann scalar at the horizon between extremal
and near-extremal geometry, which is a fair indicator of
the backreaction of the test particle on the background
spacetime. We show that the backreaction of the mag-
netic field is as much as or slightly larger than that of the
tiny backreaction of the test particle when it starts acting
as the cosmic censor. Thus an extremely weak magnetic
field is sufficient to restore the cosmic censorship in the
process of destroying near extremal Kerr black hole.
This analysis also suggests that we must in principle
take into account the backreaction of the magnetic field
on the background geometry since change in the metric
due to the magnetic field will be comparable to that of
the test particle. It is difficult to implement it in the ab-
sence of any exact solution representing magnetized near
extremal geometry. However we argue that our conclu-
sions won‘t change even after taking into account the
backreaction of the magnetic field.
If black holes could indeed turn into the naked sin-
gularities i.e. if cosmic censorship hypothesis [14] could
be violated, it would have serious implications from the-
oretical as well as observational perspective. Kerr and
Kerr-Newmann naked singular geometries are associated
with the absence of global hyperbolicity and also with the
existence of the closed timelike curves. However it was
suggested that string theory could potentially resolve the
naked singularities and all these issues would disappear
[15] rendering their existence legal. From observational
point of view it was shown that the near extremal naked
singularities can host ultra-high energy particle collisions
and thus can serve as an astrophysical probe of high en-
ergy physics [16–20]. We also note that there are many
investigations where it is demonstrated that the naked
singularities can form as an end-state of the continual
gravitational collapse [21–24].
We note that there are many papers analyzing motion
of the charged particles in the magnetic field around cen-
tral objects, analytically as well as numerically. [see, e.g.
25–33]. The strength of the magnetic field B is estimated
to be the B1 ∼ 108G for stellar mass black holes of mass
M ∼ 10M⊙, and B2 ∼ 104G for the supermassive black
holes of mass M ∼ 109M⊙ ([34]). The strength of the
magnetic fields near the event horizon of the black hole
was also measured recently ([35, 36]).
In Sec. II we describe the process of destroying near-
extremal Kerr black hole with a charged test particle. In
Sec. III we introduce a test magnetic field on the back-
ground of the Kerr black hole and analyze its effect on the
motion of the charged particle. In Sec. IV we compare
backreaction of the test magnetic field with that of the
test particle and analyze whether magnetic field could
possibly serve as a cosmic censor. We summarize our
concluding remarks of the obtained results in the Sec. V.
In this work we use a system of units in which G =
c = 1.
II. PARTICLE MOTION AROUND
NEAR-EXTREMAL KERR BLACK HOLE
In this section we describe the process of destroying
near-extremal Kerr black hole with the charged test par-
ticle. We calculate the range of the energy and angular
momentum of the particle for it to turn Kerr black hole
into the Kerr-Newmann naked singularity. We then an-
alyze allowed range of the parameters for which particle
can enter the black hole.
We restrict our attention to the particles that follow
geodesic motion on the equatorial plane of the Kerr black
hole with mass M and angular momentum J . There
are two constants of motion associated with the particle,
namely conserved energy δE and conserved angular mo-
mentum δJ . We assume that these quantities are much
smaller compared to that of the black hole δE ≪ M ,
δJ ≪ J , so that the test particle approximation holds
good. Let e be the charge associated with the test par-
ticle which is also assumed to be small. We neglect the
radiation reaction and self-force. When particle enters
the black hole it adds to the mass, angular momentum
and charge of the black hole. The final mass, angular
momentum and charge of the black hole are given by
M + δE, J + δJ and e respectively.
If the particle were to turn a Kerr black hole into
the Kerr-Newmann naked singularity, following condition
must hold:
(M + δE) <
(
J + δJ
M + δE
)2
+ e2. (1)
This yields the lower bound on the angular momentum
of the particle
δJ > δJmin = (M
2 − J) + 2MδE + δE2 − e
2
2
. (2)
As it was pointed out in [2], null energy condition on the
matter the test particle consists of, puts an upper bound
on the angular momentum of the particle
δJ < δJmax =
2Mr+
a
δE, (3)
where the two parameters, a and M , denote specific an-
gular momentum and the mass of a Kerr black hole, re-
spectively. In case of the extremal black hole it turns out
that Jmax < Jmin and thus it is not possible to overspin
it.
In this paper we deal with the near-extremal black hole
with dimensionless spin parameter close to unity. We
take J/M2 = a/M = 1 − 2ǫ2, with ǫ ≪ 1 being a small
dimensionless parameter. Hereafter we set M = 1. Max-
imum and minimum values of δJ are given by
δJmin = 2ǫ
2 + 2δE + δE2 − e
2
2
, (4)
δJmax = (2 + 4ǫ)δE, (5)
3and the allowed range of δE is(
2−
√
2
√
1 +
( e
2ǫ
)2)
ǫ < δE <
(
2 +
√
2
√
1 +
( e
2ǫ
)2)
ǫ.
(6)
The value of charge e is taken to be small as compared
to ǫ. Thus we have δE of the order of ǫ. For the given
δE we get δJ ∼ δE. Thus we have δE ≪M and δJ ≪ J
and the particle under consideration can be thought of
as a test particle.
We must ensure that the particle in the allowed range
of the energy and angular momentum starting from a
distant location indeed enters the black hole if it were
to turn it into a naked singularity. Thus we need to un-
derstand the geodesic motion of the particle. As stated
earlier we focus on the particle that is restricted to move
on the equatorial plane. The motion of the particle in
the radial direction can be described in terms of the ef-
fective potential as stated in the equation below. Thus
we must analyze the behavior of the effective potential to
understand whether or not particle enters the black hole:
r˙2
2
+ Veff(r, ˜δE, δ˜J) = 0, (7)
where ˜δE = δE/m and δ˜J = δJ/m, and m is the rest
mass of the particle.
For the chosen value of the energy δE one can write
the allowed range of the angular momentum of the body
falling into the black hole as
(2 + 3ǫ) ˜δE − e
2
2m
< δ˜J < (2 + 4ǫ) ˜δE. (8)
As we have already mentioned, the initial black hole
is nearly extremal, but now we can be somewhat more
quantitative. For example, we take ǫ = 10−2. The spin
parameter of the Kerr black hole in this case is given by
a = 0.9998. We can imagine even smaller values of ǫ in
principle.
We parametrize the range of allowed specific angular
momentum in the following way
δ˜J = (2 + b ǫ) ˜δE − (4 − b) c˜, (9)
where b ∈ [3, 4] and c˜ = e2/2m is charge parameter.
We now investigate the effective potential for the radial
motion of the particle. The charged particle is assumed
to start from a distant location falling in towards the
black hole. We must make sure that Veff < 0 everywhere
outside the horizon so that the particle enters the black
hole. The effective potential that appears in (7), is given
by
Veff =−
˜δE
2
2
[
1− 3 + bc˜(b − 4) + 4bǫ+ (4 + b
2)ǫ2
r2
+
2− 2bc˜(b− 4) + 4bǫ− 4c˜(4 − b)ǫ+ 2(4 + b2)ǫ2
r3
− γ
(
8b+ (4− b)2γ − 32
4r2
− 4b+ (4− b)
2γ − 16
2r3
)]
, (10)
where γ = c˜/ǫ. Here we assume that the specific energy
of the infalling particle is large δE >> 1 as in [2].
We compute the maximum value of the effective po-
tential attained at a location outside the horizon and
write it as Veff = − ˜δE
2
V beff/2. For particle to enter the
event horizon V beff must be positive at the radial location
stated above where effective potential attains maximum.
For given value of c˜ the parameter b must take a value
in the range (3, bcr) as it can be seen in Fig 1. The up-
per critical values of the parameter bcr for the different
values of charge parameter c˜ are tabulated in Table 1.
The range of parameter b is given in [3, 4]. As shown
in [2] the allowed range for the uncharged particle to en-
ter the black hole is given by [3,
√
12]. As it can be seen
in Fig 1, the effective potential V beff at rmax is positive
in this range. Here we analyze the process of destroying
Kerr black hole with charged particle. The allowed range
of parameter b for which test particle enters the near-
extremal black hole and turns it into the Kerr-Newmann
Table I: The values of parametrization parameter bcr for the
different values of charge parameter c˜ for the given value of
non-extremality ǫ.
ǫ 0.01 0.01 0.01 0.01 0.01 0.01
c˜ 10−3 10−4 5× 10−5 10−5 5× 10−6 0
bcr 3.9863 3.8846 3.8034 3.6093 3.5558 3.4641
naked singularity increases as we increase the charge pa-
rameter. As it can be seen from Fig 1 the intersection
point of effective potential curve moves towards b = 4.
Consequently it becomes easier to destroy the black hole
if incoming particle is charged.
In this section we described the process of destroying
near-extremal Kerr black hole with a charged test par-
ticle. In the next section we introduce a test magnetic
field around the Kerr black hole and analyze its effect on
the process of destroying black hole.
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Figure 1: The dependence of value of the effective potential at given maximum radius rmax on the parameter b is plotted here
for the different values of charge parameter c˜. The allowed range of b increases as we increase the charge e.
III. PARTICLE MOTION AROUND BLACK
HOLE IN A MAGNETIC FIELD
We analyze the effect of magnetic field in the process
of destroying Kerr black hole with a charged particle.
We describe a process to set up a test magnetic field on
the spacetime containing Kerr black hole. The magnetic
field takes a constant value at infinity and is oriented
along the axis of symmetry of the Kerr geometry. The
motion of the charged particle could be get influenced by
the test magnetic field and it can also affect the process of
destroying black hole. We try to understand whether or
not magnetic field can stop particles with the appropriate
values of geodesic parameters from entering the black
hole and thus it would serve as a cosmic censor.
The metric of the Kerr geometry in the Boyer-
Lindquist coordinates is given by
ds2 =−
(
∆− a2 sin2 θ
Σ
)
dt2 − 2a sin
2 θ(r2 + a2 −∆)
Σ
dtdφ
+
(r2 + a2)2 −∆a2 sin2 θ
Σ
sin2 θdφ2 +
Σ
∆
dr2 +Σdθ2,
(11)
where Σ = r2 + a2 cos2 θ and ∆ = r2 + a2 − 2Mr.
Kerr space-time admits two Killing vectors, ξα(t) =
(∂/∂t)α and ξα(ϕ) = (∂/∂φ)
α. They satisfy two Killing
equations [9]
ξα;β + ξβ;α = 0, (12)
which can be written in the form ξα = 0. The vacuum
Maxwell equations for vector potential Aα have the same
form Aα = 0 in the Lorentz gauge. Thus the vector
potential can be described as combination of the Killing
vectors [9]
Aα = C1ξ
α
(t) + C2ξ
α
(ϕ). (13)
We select the integration constants C1 = 0 and C2 =
B/2 and the vector potential can be written as
Aα = B/2ξα(ϕ) (14)
It can be shown from the asymptotic properties that B
turns out to be the magnetic field at infinity which is
uniform and oriented along the axis of symmetry.
The covariant components of the 4-vector potential of
the electromagnetic field will take the form
At = −
1
2Σ
{
aB
[
∆
(
1 + cos2θ
)
+
(
r2 − a2
)
sin2 θ
]
−2aB
(
Σ− 2Mr
)}
,
Ar = Aθ = 0 ,
Aϕ =
1
Σ
{
B
2
[
∆a2
(
1 + cos2θ
)
+ r4 − a4
]
−2QMBa3
}
sin2 θ . (15)
We write down the conserved quantities for particle
motion in the equatorial plane
πt = −gµν(ξt)µπν = gttπt + gtϕπϕ + eAt, (16)
πϕ = −gµν(ξϕ)µπν = gϕtπt + gϕϕπϕ + eAϕ, (17)
where πν is the four velocity defined by πν = dx
ν
dτ , τ is
the proper time for timelike geodesics.
Solving equations (16) and (17) we write down the
equation of motion for the charged particle motion in
the Maxwell field around black holes
πt =
1
r2
[
a
(
πϕ + aπt
)
+
r2 + a2
∆
P
]
, (18)
πϕ =
1
r2
[(
πϕ + aπt
)
+
a
∆
P
]
, (19)
(πr)2 =
P 2 −∆
[
r2 +
(
πϕ + aπt
)2]
r4
, (20)
where P = (r2 + a2)(−πt)− aπϕ.
5The effective potential for the radial motion of charged
particle at the equatorial plane θ = π/2 of the Kerr black
hole placed in an external magnetic field is given by
Veff (r) =
∆
[
r2 +
(
πϕ + aπt
)2]− P 2
2r4
. (21)
Now we discuss and analyze charged particle motion
around a Kerr black hole immersed in a uniform mag-
netic field. Again we analyze the effective potential. Us-
ing the Eq. (21), the effective potential for radial motion
can be given as
Veff = −
1
2r2
[(
r2 + a2 +
2Ma2
r
)(
˜δE
2 − β
2
4M2
∆
)
−
(
1− 2M
r
)
δ˜J
2 − 4Ma
˜δE δ˜J
r
−∆
(
1− β δ˜J
M
)]
,
(22)
where the magnetic parameter β = eBM/m measures
the influence of the magnetic field on charged particle
motion.
We study the effective potential in order to understand
the effect of magnetic field on the process of destroying
black hole. We would like to be sure that the particle
with the energy and angular momentum in the appro-
priate range as described in the earlier section will start
from a infinity and fall towards the black hole without
encountering any turning point.
The effective potential can be written in the following
form
Veff =−
˜δE
2
2
(
V beff + V
β
eff
)
, (23)
where V βeff is defined as follows
V βeff = β
[
2 + bǫ
˜δE
− 8c˜− 2bc˜+ β(1 − 4ǫ
2)
2δ˜E
2 −
(4 + 2bǫ)/δ˜E − (8c˜− 2bc˜)/ ˜δE2
r
+
(16bc˜− 64c˜+ 3β)/ ˜δE2
4r2
+
(2 + bǫ− 8ǫ2)/ ˜δE − (4bc˜− 16c˜+ 2β)(ǫ/ ˜δE)2
r2
− β(1 − 8ǫ
2)/ ˜δE
2
2r3
]
. (24)
We have expanded the potential (22) out to second order
in ǫ.
We now try to understand the effect of the test mag-
netic field on the motion of the test particle and see
whether or not it can serve as a cosmic censor in a process
of destroying black hole.
For a particle with a given mass and charge, the mag-
netic parameter β increases with the increasing magnetic
field. For low values of the magnetic fields and parameter
β it will not be possible for magnetic field to prevent par-
ticles from entering the black hole and turning it into the
naked singularity. However with increase of the magnetic
field and parameter β the motion of the charged parti-
cles is significantly affected. We plot effective potential
at the maximum V beff + V
β
eff as a function of parameter
b. The allowed range of the angular momenta for which
it is possible to destroy black hole is given by (3, bcr)
where V beff + V
β
eff is positive. As we can see from the
Fig 2, that bcr tends to decrease as we increase the mag-
nitude of parameter β. At a certain critical value of β
we have bcr = 3. Beyond this value it is not possible for
the charged particle to enter the black hole, and the test
magnetic field serves as a cosmic censor.
The effective potential for the radial potential is plot-
ted in Fig 3. When the magnetic field is zero, the max-
imum of effective potential is negative, thus allowing in-
falling particle to enter the black hole. As we increase
the magnetic field the height of maximum tends to in-
crease. Beyond certain value of the magnetic field maxi-
mum value crosses zero and is positive. Thus the infalling
particle will turn back and will not be able to enter the
black hole.
We have shown that if the magnetic field is sufficiently
large it can prevent infalling particle from entering the
black hole and thus could in principle serve as a cosmic
censor. In the next section we try to gauge how large is
the critical magnetic field by comparing its backreaction
with that of the test particle.
IV. ANALYZING THE BACREACTION OF
MAGNETIC FIELD ON BACKGROUND
SPACETIME
We have shown that the test magnetic field can po-
tentially serve as the cosmic censor preventing a particle
that can turn near-extremal black hole into a naked sin-
gularity in the absence of magnetic field, from entering
the black hole. In this section we try to understand how
large is the threshold magnetic field. As we describe be-
low we do that by comparing the strength of the pertur-
bation of the magnetic field on the background spacetime
with that of the test particle.
The effect of the test particle on the background space-
time can be understood in terms of the change in the
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Figure 2: The dependence of the effective potential at the maximum point rmax near extremal rotating black hole placed in
a magnetic field of strength B on the parametrization parameter b for both negative β < 0 and positive β > 0 cases for the
different values of magnetic parameter β in the case when charge parameter c˜ = 10−3.
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Figure 3: Radial dependence of the effective potential on the radial motion of the charged particle moving around the near
extremal rotating black hole immersed in a magnetic field of strength B for the different values of magnetic parameter β. For
this figure, β = 0 (a), β = 0.01 (b), β = 0.1 (c), β = 1 (d), β = 5 (e), and β = 10 (f) in the case when charge parameter
c˜ = 10−3.
Kretschmann scalar between extremal and near-extremal
geometry at the horizon. The backreaction of the mag-
netic field can be expressed in terms of the trace of the
energy momentum tensor of the test magnetic field cal-
culated at the horizon of the black hole. Trace of the
energy momentum tensor has units of density, whereas
Kretschmann scalar has units of the square of density.
Thus to compare the backreaction of test particle on the
background geometry to that of test magnetic field we
compare square root of change in the Kretschmann scalar
to the trace of the energy momentum tensor.
Kretschmann scalar for the Kerr metric is given by the
following expression
K = RαβµνRαβµν =
48M2
(
r2 − a2x2
)
(
r2 + a2x2
)6
×
(
(r2 + a2x2)2 − 16a2r2x2
)
, (25)
where x = cos θ.
We calculate the square root of the difference of
Kretschmann scalar at the horizon for extremal and near-
7extremal geometries, subtract and take a square root:
K = (K1 −K2)1/2
= 6
4
√
2
[
2
√
2
(
1− 7x6 + 35x4 − 21x2
(1 + x2)7
)1/2
(ǫ)1/2
− 7− 2x
10 + 47x8 − 224x6 + 434x4 − 182x2
(1 + x2)8
(
1−7x6+35x4−21x2
(1+x2)7
)1/2 (ǫ)3/2
]
,
(26)
which measures the change in the curvature in the back-
ground spacetime due to the test particle.
We now calculate the trace of the energy-momentum
tensor of the test magnetic field. The energy-momentum
tensor of the electromagnetic field is given by
T µν =
1
4π
(Fµσ F
νσ − 1
4
gµνFσλF
σλ). (27)
The trace of the energy-momentum tensor of the mag-
netic field is given by
T =
B2
Σ6(2Mr +Σ)
[
(2Mr +Σ)
(
Ξ− 4M2r2 +∆(2Mr +Σ)
)
2ΞΣ2
{
−4Σ
4x2
((
Ξ− 4a2Mr
) (
a2 + r2
)
− a2∆Σ
(
1− x2
))2
Υ2
−a2M2
(
ΞΣ
(
1 + x2
) (
r2 − a2x2
)
2Mr +Σ
+ r
(
1− x2
) (
Ξr − 4a2Mr2 − 2r3Σ + a2(M − r)Σ
(
1 + x2
)))2
+2
{(
Ξ− 4M2r2 + 2Σ2 −∆(2Mr +Σ)
)
x
(
a6M2r2
(
x2 − 1
) (
1 + x2
)2
+
Σ2
(
Ξr − 4a2Mr2 − 2r3Σ+ a2(M − r)Σ
(
1 + x2
))2
Υ2
)
− 1
Ξ
(
Ξ + 4M2r2 − 2Σ2 −∆(2Mr +Σ)
) (
1− x2
)
×
(
M2r2
(
Ξr − 4a2Mr2 − 2r3Σ + a2(M − r)Σ
(
1 + x2
))2
−a
2x
(
Ξ
(
r2Σ+ a2(4Mr +Σ)− 1
)
− a2(2Mr +Σ)
(
4a2Mr + 4Mr3 +∆Σ(1− x2)
) )2
Υ2
)}]
.
(28)
Here we have Υ =
[
a2 + 2r2 + a2(2x2 − 1)
]
. At the hori- zon trace is given by
T = gµνT
µν =
4B2
((
1 + x2
)4 (
3− 2x− 5x2 − 3x3 + x4 + x6 + x7
)
+ x
(
x2 − 1
)2 (
3 + x2
))
(1 + x2)
8
(3 + x2)
, (29)
We now find the critical value of the magnetic field
for which the square root of change in the Kretschmann
scalar between the extremal and near-extremal config-
urations at horizon is equal to the trace of the energy
momentum tensor of the magnetic field at the horizon.
K = (K1 −K2)1/2 ∼ T = gµνT µν , (30)
We set x = cos θ = 0 as we restrict ourselves to the
equatorial plane.
For the value chosen in this paper ǫ = 0.01, the critical
value of the magnetic field is given by
Bcr ∼ 0.8591. (31)
We have shown that the magnetic field can possibly
act as a cosmic censor preventing a charged test particle
from entering the black hole that can turn it into a naked
singularity. We now compare the strength of the requisite
magnetic field by comparing its backreaction with that
of the test particle. That can be done by comparing
strength of the magnetic field with that of the critical
magnetic field defined above Bcr.
We stated the values of parameters β and c˜ while cal-
culating the effective potential in the previous sections to
understand whether magnetic field can prevent charged
particle from entering the black hole. In order to com-
8Table II: bcr is tabulated for the different values of β > 0. The ratio of magnetic field to the critical value is also specified.
Magnetic field starts acting as a cosmic censor i.e. bcr < 3 when the magnetic field is around 10 times larger than the critical
value.
B = 0
ǫ 0.01 0.01 0.01 0.01 0.01 0.01
c˜ 10−3 10−4 5× 10−5 10−5 5× 10−6 10−6
bcr 3.986380697 3.884691117 3.803417951 3.609301958 3.555779171 3.5141640012
B = 101Bcr
β 3.84 × 101 1.21 × 101 8.59 3.84 2.72 1.21
bcr 2.982423607 3.016905974 3.085491813 3.358287139 3.359977248 3.362780518
B = Bcr
β 3.84 1.21 8.59 × 10−1 3.84 × 10−1 2.72 × 10−1 1.21× 10−1
bcr 3.979232348 3.880141686 3.800030724 3.608611326 3.554863065 3.513952567
B = 5× 10−1Bcr
β 19.2 × 10−1 6.05 × 10−1 42.95 × 10−2 19.2 × 10−2 13.6 × 10−2 6.05× 10−2
bcr 3.984852247 3.884176799 3.803260456 3.609582496 3.556037015 3.514451688
B = 3× 10−1Bcr
β 11.52 × 10−1 3.63 × 10−1 25.77 × 10−2 11.52 × 10−2 8.16 × 10−2 3.63× 10−2
bcr 3.985953499 3.884803702 3.803690923 3.609620127 3.556105241 3.514430845
B = 2× 10−1Bcr
β 7.68 × 10−1 2.42 × 10−1 17.18 × 10−2 7.68 × 10−2 5.44 × 10−2 2.42× 10−2
bcr 3.986259107 3.884906431 3.803722289 3.609563974 3.556053615 3.514373287
B = 10−1Bcr
β 3.84 × 10−1 1.21 × 10−1 8.59 × 10−2 3.84 × 10−2 2.72 × 10−2 1.21× 10−2
bcr 3.986401494 3.884868886 3.803631261 3.609457903 3.555944907 3.514284328
B = 10−2Bcr
β 3.84 × 10−2 1.21 × 10−2 8.59 × 10−3 3.84 × 10−3 2.72 × 10−3 1.21× 10−3
bcr 3.986390120 3.884715198 3.803444782 3.609319796 3.555787247 3.514177445
B = 10−4Bcr
β 3.84 × 10−4 1.21 × 10−4 8.59 × 10−5 3.84 × 10−5 2.72 × 10−5 1.21× 10−5
bcr 3.986380799 3.884692523 3.803418226 3.609302363 3.555779365 3.514164137
B = 10−6Bcr
β 3.84 × 10−6 1.21 × 10−6 8.59 × 10−7 3.84 × 10−7 2.72 × 10−7 1.21× 10−7
bcr 3.986380698 3.884691119 3.803417954 3.609301961 3.555779173 3.5141640010
pare the backreaction of magnetic field with that of test
particle we have to calculate the value of the magnetic
field and compare it with the critical value. Eliminating
the charge e in the expression for the parameter β one
can get
β =
√
2c˜
m
MB. (32)
This equation allows us to relate the magnetic field B
with β and c˜ for the given mass of the test particle m.
We may takeM = 1. Since we assume that ˜δE ∼ 2δE/m
is large and δE ∼ ǫ, we take m ∼ ǫ2.
We now analyze the effective potential for the same
values of parameters we have chosen in the previous sec-
tion and see whether magnetic field can act as a cosmic
censor by calculating the critical value bcr. We compute
and compare the magnetic field with the critical value.
We have tabulated the values of bcr for different values
of β > 0 in Table II and for β < 0 in Table III. For the
values of β where magnetic field is sufficiently small as
compared to the critical value, we find that bcr initially
increases and then it tends to decrease as we increase
parameter β. As long as magnetic field is smaller as
compared to the critical value, we get bcr > 3 and thus
there is an allowed range of values of b for which it is
possible for charged particle to enter the black hole and
turn it into a naked singularity. For the values of β for
which there is no allowed range of b, we find that the
magnetic field is slightly larger than the critical value.
In Table IV we have tabulated the values of β beyond
which magnetic field starts acting as a cosmic censor and
the ratio B/Bcr. Thus the backreaction of magnetic field
on the background spacetime is comparable to the tiny
backreaction of the test particle. Thus the magnetic field
necessary to restore the cosmic censorship is extremely
small.
However since the backreaction of the magnetic field on
the background spacetime is comparable to that of the
9Table III: bcr is tabulated for the different values of β < 0. The ratio of magnetic field to the critical value is also specified.
Magnetic field starts acting as a cosmic censor i.e. bcr < 3 when the magnetic field is around 10 times larger than the critical
value.
B = 0
ǫ 0.01 0.01 0.01 0.01 0.01 0.01
c˜ 10−3 10−4 5× 10−5 10−5 5× 10−6 10−6
bcr 3.986380697 3.884691117 3.803417951 3.609301958 3.555779171 3.5141640012
B = 101Bcr
β 3.84 × 101 1.21 × 101 8.59 3.84 2.72 1.21
bcr 2.861504023 3.008642024 3.073476623 3.336533166 3.340286437 3.343298255
B = Bcr
β 3.84 1.21 8.59 × 10−1 3.84× 10−1 2.72 × 10−1 1.21× 10−1
bcr 3.977197683 3.875208802 3.794570716 3.605006776 3.550994683 3.511239776
B = 10−1Bcr
β 3.84 × 10−1 1.21 × 10−1 8.59 × 10−2 3.84× 10−2 2.72 × 10−2 1.21× 10−2
bcr 3.986196724 3.884373267 3.803082454 3.609096180 3.555556457 3.514012326
B = 10−2Bcr
β 3.84 × 10−2 1.21 × 10−2 8.59 × 10−3 3.84× 10−3 2.72 × 10−3 1.21× 10−3
bcr 3.986369643 3.884665635 3.803389832 3.609283622 3.555759463 3.514150243
B = 10−4Bcr
β 3.84 × 10−4 1.21 × 10−4 8.59 × 10−5 3.84× 10−5 2.72 × 10−5 1.21× 10−5
bcr 3.986380595 3.884690896 3.803417676 3.609301547 3.555778977 3.514163865
B = 10−6Bcr
β 3.84 × 10−6 1.21 × 10−6 8.59 × 10−7 3.84× 10−7 2.72 × 10−7 1.21× 10−7
bcr 3.986380696 3.884691115 3.803417948 3.609301957 3.555779169 3.514163998
a)
Β = 3.84´ 10-1
Β = 3.84´ 10-2
Β = 0
Β = 7.68´ 10-1
Β = 11.52´ 10-1
3.9858 3.9859 3.9860 3.9861 3.9862 3.9863 3.9864
0
1.´ 10-6
2.´ 10-6
3.´ 10-6
4.´ 10-6
5.´ 10-6
6.´ 10-6
b
V e
ff
b +
V e
ff
Β
b)
Β = 0
Β = -3.84´ 10-4
Β = -3.84´ 10-2
Β = -3.84´ 10-1
3.98610 3.98615 3.98620 3.98625 3.98630 3.98635 3.98640
0
5.´ 10-7
1.´ 10-6
1.5´ 10-6
2.´ 10-6
2.5´ 10-6
3.´ 10-6
b
V e
ff
b +
V e
ff
Β
Figure 4: The value of the effective potential at maximum as a function of b is plotted for positive as well as negative values
of β and for charge parameter c˜ = 10−3. The magnetic field is sufficiently smaller than the critical value. bcr initially increases
and then it decreases. We have bcr > 3. Thus when bacreaction of the magnetic field can be ignored it does not serve as a
cosmic censor.
test particle one must take into account the effect of mag-
netic field on the background spacetime while analyzing
whether or not it can act as a cosmic censor. Various ex-
act magnetized black hole solutions have been obtained
[41, 42]. However there is no exact solution that repre-
sents near-extremal black hole. Thus it is a daunting task
to take into account the effect of magnetic field on the
background metric. However as it was shown in [42] in
the context of the magnetized Reissner-Nordstro¨m black
hole that the small magnetic field does not change either
the horizon radius or the extremality condition. Similar
results are also expected to hold good in the context of
the near extremal rotating black hole. It seems that the
effect of the magnetic field on the backgroundmetric does
not assist the process of destroying black holes. Thus the
conclusions obtained by ignoring the backreaction are ex-
pected to hold good even when the backreaction is taken
into account.
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Table IV: The value of parameter βcr at which we have bcr = 3
and magnetic field starts acting as a cosmic censor is tabu-
lated here. The ratio of magnetic field to the critical value
is also specified. We find that the magnetic field is around
10 times larger than the critical magnetic field Bcr when it
starts acting as a cosmic censor.
bcr = 3
ǫ 0.01 0.01 0.01 0.01 0.01
m 0.0001 0.0001 0.0001 0.0001 0.0001
c˜ 10−3 10−4 5× 10−5 10−5 5× 10−6
βcr 37.0809 12.3265 9.1618 5.4369 4.7714
−36.8021 −12.3011 −9.1490 −5.4342 −4.7699
B/Bcr 9.6514 10.1457 10.6644 14.1512 17.5631
9.5788 10.1248 10.6495 14.1442 17.5576
V. CONCLUSIONS
In this paper we studied the process of turning black
hole into a naked singularity by throwing in the test par-
ticle with appropriate values of the geodesic parameters.
It is possible to turn a near extremal Kerr black hole
into a Kerr-Newmann naked singularity using a charged
test particle. Typically in the astrophysical context black
holes are surrounded with a magnetic field which would
exert a Lorentz force on the charged particle affecting its
motion. Thus we study the effect of the test magnetic
field on the process of destroying black hole. We invoke
a weak magnetic field which takes a constant value at
infinity and is aligned with the axis of symmetry of Kerr
geometry. We show that for a sufficiently large values of
magnetic field it is not possible for a particle with the
appropriate values of geodesic parameters to enter the
black hole and turn it into the naked singularity. Thus it
appears that test magnetic field could serve as a cosmic
censor. To gauge the strength of the requisite magnetic
field we compute trace of its energy momentum tensor
and compare it with the square root of the change in the
Kretschmann scalar at the horizon between extremal and
near-extremal configurations which is a measure of the ef-
fect of the test particle on the background spacetime. We
find that when the magnetic field acts as a cosmic censor
its backreaction is slightly larger than that of the test
particle. Therefore we need an extremely small magnetic
field to restore the cosmic censorship in the process of
destroying near extremal Kerr black hole with a charged
test particle. However since the backreaction of the mag-
netic field is stronger than that of the test particle one
must take account its effect on the metric which is dif-
ficult to implement in the absence of any near extremal
rotating magnetized black hole solution. But since, nei-
ther the horizon radius nor the extremality condition for
the magnetized Reissner-Nordstro¨m black hole is affected
due to the small magnetic field, it seems that the mag-
netic field does not assist the process of destroying black
hole. Therefore the results obtained without considering
the backreaction of the magnetic field are expected to
hold good even in the presence of the backreaction and
magnetic field would act as a cosmic censor.
Acknowledgments
SS and BA thank TIFR and IUCAA for the warm
hospitality during their stay in Mumbai and Pune, India.
This research is supported in part by Projects No. F2-
FA-F113, No. EF2-FA-0-12477, and No. F2-FA-F029 of
the UzAS and by the ICTP through the OEA-PRJ-29
and the OEA-NET-76 projects and by the Volkswagen
Stiftung (Grant No. 86 866).
[1] R. Wald, Ann. Phys. 82, 548 (1974).
[2] T. Jacobson and T. P. Sotiriou, J. Phys. Conf. Ser. 222,
012041 (2010).
[3] V. E. Hubeny, Phys. Rev. D 59, 064013 (1999).
[4] A. Saa and R. Santarelli, Phys. Rev. D 84, 027501 (2011).
[5] E. Barausse, V. Cardoso and G. Khunna, Phys. Rev.
Lett. 105, 261102 (2010).
[6] P. Zimmerman, I. Vega, E. Poisson and R. Haas,
arXiv:1211.3889.
[7] J. V. Rocha, V. Cardoso, Phys. Rev. D 83,104037
(2011).
[8] Z. Li, C. Bambi, Phys. Rev. D 87,124022, (2013).
[9] R. M. Wald, Phys. Rev. D. 10, 1680 (1974).
[10] V. Karas, O. Kopek, Class. Quant. Grav. 26, 025004
(2009).
[11] V. Karas, O. Kopek, D. Kunneriath, Class. Quant.
Grav. 29, 035010 (2012).
[12] M. Lyutikov, Phys. Rev. D 83, 064001 (2011).
[13] V. Morozova, L. Rezzolla, B. Ahmedov, Phys. Rev. D
89, 104030 (2014).
[14] R. Penrose, Riv. Nuovo Cimento, 1, 252 (1969).
[15] E. Gimon, P. Horava, arXiv/hep-th/0706.287.
[16] M. Patil, P. S. Joshi, Class. Quant. Grav. 28, 235012
(2011).
[17] M. Patil, P. S. Joshi, Phys. Rev. D 84, 104001 (2011)
[18] M. Patil, P. S. Joshi, arXiv:1106.5402.
[19] M. Patil, P. S. Joshi, M. Kimura, K. Nakao,
Phys. Rev. D, 86, 084023 (2012)
[20] K. Nakao, M. Kimura, M. Patil, P. S. Joshi,
Phys. Rev. D, 87, 104033 (2013)
[21] P.S. Joshi, Global Aspects in Gravitation and Cosmology
(Oxford University Press, Oxford, (1993)).
[22] R. Goswami, P. S. Joshi, P. Singh, Phys. Rev. Lett. 96,
031302 (2006).
[23] T. Harada, H. Iguchi, K. Nakao, Prog. Theor. Phys. 107,
449 (2002).
[24] P.S. Joshi, Pramana 55, 529 (2000).
[25] A.R. Prasanna, Riv. Del Nuo. Cim. 3, 11 (1980).
[26] V. Chellathurai, S. V. Dhurandhar, N. Dadhich, Pra-
mana 27, 485 (1986).
11
[27] V.P. Frolov, A.A. Shoom, Phys. Rev. D. 82, 084034
(2010).
[28] A.N. Aliev, N. O¨zdemir, Man. Not. R. Astr. Soc. 336,
241 (2002).
[29] A.A. Abdujabbarov, B.J. Ahmedov, Phys. Rev. D. 81,
044022 (2010).
[30] A.A. Abdujabbarov, B.J. Ahmedov, N.B. Jurayeva,
Phys. Rev. D. 87, 064042 (2013).
[31] A.A. Abdujabbarov, A.A. Tursunov, B.J. Ahmedov,
A. Kuvatov, Astrophys. Space Sci. 343, 173 (2013).
[32] A.A. Abdujabbarov, B.J. Ahmedov, V.G. Kagramanova,
Gen. Rel. Grav. 40, 2515 (2008).
[33] S. Shaymatov, F. Atamurotov, B. Ahmedov, Astrophys.
Space Sci. 350, 413 (2014).
[34] M.Yu. Piotrovich, N. A. Silant’ev, Yu. N. Gnedin, T.
M. Natsvlishvili, arXiv:1002.4948 (2010).
[35] R.P. Eatough, H. Falcke, R. Karuppusamy, K.J. Lee,
D.J. Champion, E.F. Keane, et al. Nature, 501 391
(2013).
[36] R. M. Shannon, S. Johnston, : Mon. Not. R. Astron. Soc.
Lett. 435, 29 (2013).
[37] V. L. Ginzburg, L. M. Ozernoy, Zh. Eksp. Teor. Fiz. 47,
1030 (1964) [English version: Sov. Phys. JETP 20, 689
(1964)].
[38] F. de Felice and F. Sorge, Class. Quantum Gravit. 20,
469 (2003).
[39] F. de Felice, F. Sorge and S. Zilio, Class. Quantum
Gravit. 21, 961 (2004).
[40] R. Penrose, Phys. Rev. Lett. 14, 57 (1965).
[41] F. J. Ernst, J. Math. Phys. 17, 54 (1976);
[42] G. W. Gibbons, A. H. Mujtaba and C. N, Pope, Class.
Quantum Grav. 30 125008 (2013).
[43] A. Tursunov, M. Kolos, B. Ahmedov, Z. Stuchlk, Phys.
Rev. D 87 125003 (2013).
